Ribulose-l,5-bisphosphate carboxylase/oxygenase (Rubisco) large subunit (LS) N-methyltransferase (Protein methylase Ill, Rubisco LSMT, EC 2.1.1.43) catalyzes methylation of the e-amino group of Lys-14 in the LS of Rubisco. With limited internal amino acid sequence information obtained from HPLC-purified peptic polypeptides from Rubisco LSMT, a full-length cDNA clone was isolated utilizing polymerase chain reaction-based technology and conventional bacteriophage library screening. The 1802 bp cDNA of Rubisco LSMT encodes a 489 amino acid polypeptide with a predicted molecular mass of ca. 55 kDa. A derived N-terminal amino acid sequence with features common to chloroplast transit peptides was identified. The deduced sequence of Rubisco LSMT did not exhibit regions of significant homology with other protein methyltransferases. Southern blot analysis of pea genomic DNA indicated a low gene copy number of Rubisco LSMT in pea. Northern analysis revealed a single mRNA species of about 1.8 kb encoding for Rubisco LSMT which was predominately located in leaf tissue. Illumination of etiolated pea seedlings showed that the accumulation of Rubisco LSMT mRNA is light-dependent. Maximum accumulation of Rubisco LSMT transcripts occurred during the initial phase of light-induced leaf development which preceded the maximum accumulation of rbcS and rbcL mRNA. Transcript levels of Rubisco LSMT in mature light-grown tissue were similar to transcript levels in etiolated tissues indicating that the light-dependent accumulation of Rubisco LSMT mRNA is transient. This is the first reported DNA and amino acid sequence for a protein methylase III enzyme.
Introduction
Ribulose-1,5-bisphosphate carboxylase-oxygenase (Rubisco) catalyzes the reduction of atmospheric CO 2 during photosynthesis. A great deal is known about the quaternary structure, catalytic mechanism, active site residues, in vivo regulatory mechanisms, and gene expression for this abun-
The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under the accession number L34291 (rbcMT). dant enzyme [for reviews see 1, 7, 29] . Higherplant Rubisco is a hexadecameric protein composed of eight chloroplast-encoded LS and eight nuclear-encoded SS. Synthesis of the LS is accompanied by post-translational processing of the N-terminal domain [19, 30] . The N-terminal Met-1 and Ser-2 are removed and Pro-3 acetylated. Additionally, the LS of Rubisco from tobacco, muskmelon, pea, and several other species is post-translationally modified by trimethylation of the z-amino group of Lys-14 [17, 19] . The enzyme responsible for this latter modification is a highly specific chloroplast-located S-adenosylmethionine (AdoMet):protein (lys) N-methyltransferase (Protein methylase III, Rubisco LSMT, EC 2.1.1.43). Recently, Rubisco LSMT was affinity-purified ca. 8000-fold from pea chloroplasts and identified as a monomeric protein with a molecular mass of ca. 57 kDa [44] .
Protein methylation is a widespread and common post-translational modification catalyzed by several different protein methyltransferases [33 ] . Proteins which contain trimethyllysyl residues include cytochrome c [8] [9] [10] , calmodulin [16, 38] , histone [40, 42] , and ribosomal proteins [5, 26] . However, the biological function of post-translational protein methylation in all but a few systems remains obscure. Trimethyllysine can serve as a metabolic precursor to carnitine [32] , while carboxyl methylation of bacterial membrane proteins plays a major role in chemotaxis [6] . Evidence suggests that methylation of Lys-115 in calmodulin affects certain activities including in vitro NAD kinase activation [37 ] , and in vivo susceptibilty to ubiquitination [14, 15 but see also 45, 46] . Conflicting reports [9, 11, 12 versus 3, 4 ] also implicate methylation of Lys-77 in cytochrome c as having a role in protein stability, heine incorporation, and mitochondrial transport. A major limitation to elucidating the biological role of lysine methylation in eukaryotes has been the abscence of a protein methylase Ill gene. Hence, molecular studies of the physiological and biochemical function performed by methylation of protein bound lysyl residues have been restricted to site-directed mutational analysis of the methylation site in the target protein [3, 4, 36] . These studies have been inconclusive as to the exact biological role of methylation of the ~-amine of protein bound lysyl residues.
The objectives of the present study were to isolate a cDNA of the Rubisco LSMT gene from pea and initiate studies of Rubisco LSMT gene expression. Utilizing amino acid sequence information derived from purified peptic polypeptide fragments from proteolyzed Rubisco LSMT, a full-length cDNA of Rubisco LSMT was obtained. The cDNA of Rubisco LSMT, rbcMT, was used to examine organ-specific and developmental parameters affecting rbcMT gene expression. The expression of two well characterized gene families, rbcS (S S of Rubisco) and rbcL (LS of Rubisco), were also examined to determine if rbcMT expression is coregulated with that of the Rubisco subunit genes, particularly the LS.
Materials and methods

Plant growth
Controlled environment-cultured peas (Pisum sativum L. cv. Laxton's Progress No. 9) were germinated and maintained in environmental chambers as described [44] . For developmental studies, seeds were either germinated at 23 °C in a dark chamber located in a light-tight room or were grown in an illuminated chamber with a light intensity of 300/~mol m -2 s -1 (incandescent plus fluorescent). After 8 days of growth in complete darkness, pea seedlings were either harvested into liquid nitrogen or were transferred to an illuminated chamber for a predetermined period prior to harvest.
Purification and assay of Rubisco L S M T
Rubisco LSMT was affinity-purified utilizing immobilized spinach Rubisco [44] . Briefly, purified spinach Rubisco [27] was immobilized to PVDF membranes (Millipore, Bedford, MA; 60 mg Rubisco/450 cm 2) which were then incubated for 4 h at 4 ° C with pea chloroplast lysates (20 ml at 20 mg/ml protein per 450 cm 2 membrane). After incubation, the PVDF membranes were washed with 50 mM Tris-HC1 pH 8.2, 5 mM MgC12, 1 mM EDTA, 0.4 M NaC1 and subsequently eluted with 20 ml of 50 mM Tris-HC1 pH 8.2, 5 mM MgClz, 200 #M AdoMet and 50 #g/ml fi-lactoglobulin per 450 cm 2 membrane. The eluent was concentrated by centrifugal ultrafiltration to a final volume of ca. 50 #1 and used as a source for purified Rubisco LSMT. The yield from a single PVDF membrane containing immobilized spinach Rubisco was typically 7-10 #g of purified Rubisco LSMT. Assays of Rubisco LSMT activity were as previously described [18] .
Peptide profiles and sequence analysis
To separate affinity-purified Rubisco LSMT from the fi-lactoglobulin carrier protein, Rubisco LSMT was resolved by SDS-PAGE (10~o acrylamide) prior to electrophoretic transfer to Immobilon-CD membranes (Millipore, Bedford, MA). Conditions for the electrophoretic transfer, visualization and subsequent in vitro enzymatic cleavage of Rubisco LSMT with pepsin were as described [34] . Peptic peptides released from Rubisco LSMT were isolated by reversed-phase HPLC as described [34] with an Aquapore RP-300 7 #m particle size octyl reversed-phase column (2.1 m m x 220 mm, Applied Biosystems, San Jose, CA). Peptic peptides were manually collected based on absorbance at 214 nm and samples reduced in volume to ca. 50 #1 under vacuum. Amino acid sequence analyses were performed by the Macromolecular Structure Analysis Facility at the University of Kentucky, Lexington, using an Applied Biosystems 477A automated sequencer. For additional confirmation of amino acid sequence data, a duplicate sample of Rubisco LSMT was purified, proteolyzed, and peptic polypeptide fragments submitted for amino acid sequence analyses.
Synthesis o f first-strand cDNA and polymerase chain reaction amplification
Pools of oligonucleotide primers encoding portions of two L S MT peptic peptides, P 14 and P 18,
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were synthesized with the number of different species (degeneracies) in each pool minimized as previously described [22] . First-strand cDNA synthesis and polymerase chain reaction (PCR) conditions were as described [22] except 5 #1 of first-strand cDNA was used as PCR template and the PCR annealing temperature was reduced to 48 °C. The appropriate sense and antisense PCR primers directed against LSMT peptides, P14 and P18, are shown in Table 1 . After amplification, the PCR product was purified and bluntend ligated into SK plasmid (Stratagene, La Jolla, CA) and sequenced as described [24] .
Screening of a pea cDNA library
To obtain a full-length cDNA of pea LSMT, a pea 2gtl0 cDNA library [13] was screened with the Rubisco LSMT-PCR product. Approximately 5 x 10 4 primary plaques were screened with a randomly labeled 360 bp PCR product of Rubisco LSMT under conditions recommended (Stratagene, La Jolla, CA). After four rounds of plaque purification, three potential positive plaques were identified. Following amplification and purification of bacteriophage DNA, Rubisco LSMT cDNAs were subcloned into SK plasmid and complete sequence of all three clones (ca. 1600 to 1775 bp in length) was obtained.
The technique of PCR-RACE (Rapid Amplification of cDNA Ends) was used to obtain a portion of the 5'region of LSMT essentially as described by the manufacturer (GIBCO-BRL, Gaithersburg, MD) except 100 ng of poly(A) mRNA was substituted for total RNA. The genespecific (antisense) primer used to prime synthesis of first-strand LSMT cDNA was 5'-CCAAAAGAAGTCATCCAGCGTCAC (see Fig. 2 , position 700-667). Amplification by PCR used the Anchor primer (supplied by GIBCO-BRL) and a second antisense LSMT-specific primer (5' -CAUCAUCAUCAUCCTGTGGC-AGAATACCAAAATAGT) which annealed to an internal, nested site within the LSMT cDNA (Fig. 2, position 515-492 ). The inclusion of the (CA U)4 repeat sequence at the 5' terminus per-mitted a uracil DNA glycosylase (UDG) cloning strategy of the PCR-RACE product. PCR amplification conditions were as above except for an annealing temperature of 55 °C and an extension time of 40 s.
grams were scanned with an image acquisition densitometer (BioImage, Milligen/Biosearch, Ann Arbor, MI) to determine the relative intensity of mRNA signal and quantified on the basis of whole-band analysis.
Northern blot analyses
Polyadenylated mRNA (0.5 #g per lane) or total RNA (2 #g per lane) was loaded on formaldehyde gels [39] and transferred to GeneScreen nylon membranes (DuPont-NEN, Wilmington, DE). Conditions for prehybridization and hybridization with radiolabeled antisense-RNA probes were as described [22] . The northern probe for rbcS was as described [22, 24] ; the probe for rbcL was as described [23] ; the probe for rbcMT was a 1750 base antisense RNA from a portion of the open reading frame and 3'-untranslated region of pea.
Genomic Southern blot analyses
Nuclear DNA was isolated from nuclei as described [2] . Ten #g of high-molecular-weight DNA was digested to completion with Eco RI, Hind III, and Dra I (50 units each). After digestion, DNA was ethanol-precipitated, electrophoresed on 0.8 ~o agarose gels and transferred to Nytran nylon membranes using an alkaline transfer solution as described (Turboblotter instruction manual, Schleicher and Schuell, Keene, NH). Blots were prehybridized and hybridized at 42 ° C in the presence of 50~o formamide and 10~o dextran sulfate. The probe was a random primerlabeled 1775 bp cDNA of pea LSMT (encompassing the open reading frame and entire 3'-untranslated region).
Miscellaneous
Computer alignment of the amino acid sequences was performed using the FastDB program (Intelligenetics, Mountain View, CA). Autoradio-
Results
Rubisco LSMT has been purified ca. 8000-fold by a novel affinity purification technique from pea chloroplasts [44] . After affinity-purification of Rubisco LSMT, SDS-PAGE analysis showed a single polypeptide with an apparent molecular mass of ca. 57 kDa. Direct Edman degradative sequencing attempts followed by amino acid analyses after HC1 hydrolysis of electroblotted affinity-purified Rubisco LSMT revealed that the N-terminus was blocked (data not shown). Thus, subsequent efforts were directed towards the acquisition of internal amino acid sequence as a starting point for isolating a cDNA of pea Rubisco LSMT. Reverse-phase HPLC isolation of peptic fragments from Rubisco LSMT resulted in the identification of several reliable amino acid sequences ( Fig. 1, asterisks) . One polypeptide peak, however, was heterogeneous and consisted of at least three subsequences which were identifiable based on differences in the relative amino acid yields after each cycle of sequencing. The partial amino-acid sequence of Rubisco LSMT enabled us to develop a molecular probe for the Rubisco LSMT gene (rbcMT) using PCR. Pools of deoxyinosine-containing primers encoding part of two peptic peptides, P14 and P18, were synthesized with the number of species in each pool minimized (Table 1) . Using random-hexamerprimed first-strand cDNA as a template, the combination of primer pools P14-2s with P18-1a or P18-2a directed the synthesis of a single 360 bp PCR product (data not shown). No other primer combinations yielded a detectable PCR product. The fact that either antisense primer P18-1a or P 18-2a (which differ by a single nucleotide near the 3' terminus) directed the synthesis of a PCR product reflects the relative tolerance of the PCR system for base-pair mismatches near the 3' Table 1 . Degenerate PCR primer pools designed according to amino-acid sequence of Rubisco LSMT peptides P14 and P18. Underlined nucleotides represent degeneracy nearest 3' terminus at which pools of primers differ. 
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The PCR-amplified fragment of rbcMT was used to screen a 2gtl0 pea cDNA library [13] . Three partial clones were obtained with inserts greater than 1600 bp in length. Complete sequence analysis of the three clones showed that the nucleotide sequence of all clones were identical. The sequence of the PCR-derived cDNA was identical to the 2gtl0 cDNAs except for the incorrect identification of Thr-249 as an Asn residue during peptide sequencing of pepsin fragment P14. The longest clone (1775 bp in length) lacked only a portion of the 5'-untranslated region. The remainder of the 5'-untranslated region was obtained by PCR-RACE. The 515 bp PCR-RACE product was barely detectable on ethidiumstained gels which likely reflects the low abundance of the rbcMT mRNA in pea (data not shown). Sequence analysis confirmed the identity of the PCR-RACE product as encoding for the predicted 5' portion of rbcMT including the remainder of the 5'-untranslated region. In the region where the PCR-RACE product overlapped the cloned cDNA of rbcMT, complete sequence identity was observed (Fig. 2 , position 31-484 bp). Given these overlapping clones, we were able to assemble the sequence of the rbcMT cDNA as shown in Fig. 2 . All of the peptic polypeptide sequences obtained from affinity- 
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purified The rbcMT cDNA of 1802 bp in length contained a 5' leader of 58 nucleotides which contained several short repeat elements and a 3'-untranslated region of 276 nucleotides. The rbcMT cDNA encoded for a protein of 489 amino acid residues with a predicted molecular mass of 55 kDa. Examination of the amino terminus of Rubisco LSMT revealed several motifs that commonly appear in chloroplast transit-peptide sequences, such as an abundance of hydroxylated amino acids Ser and Thr, presence of small hydrophobic amino acids, and general lack of acidic amino acids [21, 41] . Given that N-terminal sequence information could not be obtained for Rubisco LSMT, and that there is as yet no amino acid concensus sequence or secondary structural motif which unambiguously identifies the processing site for removal of chloroplast transit sequences [43] , we were unable to determine the cleavage site between the precursor and mature forms of Rubisco LSMT.
Comparison of the deduced amino acid sequence of rbcMT cDNA with protein carboxyl methyltransferases from wheat (D-aspartyl/Lisoaspartyl protein methyltransferase, [28] ) and E. coli (7-glutamyl carboxyl methyltransferase, [ 31 ] ) showed a low alignment score with sequence identity on the order of 10~o (gaps in the sequence were introduced to maximize alignment). Three short amino acid regions (8 to 10 residues) of sequence similarity have been reported for several protein and small-molecule AdoMet-dependent methyltransferases [20] . Using manual alignment, we were unable to detect any of the three proposed sequence motifs of AdoMetdependent methyltransferases in Rubisco rbcMT.
In a search of the SwissProt and NBRF-PIR data banks, the best match for Rubisco rbcMT was AfsR protein of Streptomyces coelicolor which reflected a 23 ~o sequence identity over the entire protein, again with considerable gaps introduced.
DNA analysis
To obtain information on gene copy number, total pea leaf DNA was isolated and digested with several different restriction endonucleases (Fig. 3) . A 1775 bp rbcMT cDNA probe hybridized to two Eco RI DNA fragments, ca. 5.3 kb and 2.0 kb (one Eco RI restriction endonuclease site is located within the sequenced cDNA). Two bands, ca. 3.5 kb and 1.3 kb, were observed after cleavage with Dra I, while a single band of 3.7 kb was observed after DNA digestion with Hind III. Fig. 3 . Southern blot analysis of the rbcMT gene in pea. Ten ~g of genomic DNA from pea was digested with Eco RI, Hind III, or Dra I, and electrophoresed on a 0.8 % agarose gel. The blot was probed with a 1775 bp rbcMT cDNA of pea. Approximate sizes in kbp are indicated to the right. Blots were exposed to X-ray film for 48 h.
The simplicity of the DNA restriction digest pattern suggests that the gene copy number per haploid genome is low for rbcMT.
RNA analyses
Northern blot analyses were conducted on pea tissues to examine several developmental and organ-specific parameters governing rbcMT gene expression. As a basis for comparison, the expression of genes encoding Rubisco small (rbcS) and large (rbcL) subunit were concomitantly examined. The rbcS gene family and the rbcL gene were examined in an attempt to determine whether the expression of the Rubisco subunits and Rubisco LSMT was coordinated. Northern blot analysis indicated that the rbcMT gene encoded for a single species of mRNA of ca. 1.8 kb in length (see Fig. 4 ). Examination of organspecific expression showed that accumulation of the rbcMT transcript paralleled the accumulation of rbcL and rbcS mRNA with the greatest proportion of mRNA being located in green leaf tissue. Transcripts encoding rbcS, rbcL and rbcMT were detected in pea stems, though the level of expression was 7, 10, and 28-fold lower, respectively, than in green leaves. The quantity of rbcMT, rbcS, and rbcL mRNA in root tissue was below the level of northern blot sensitivity. Maximum extractable Rubisco LSMT activity generally paralleled the accumulation ofrbcMT mRNA though the enzyme activity detected in stems was greater than would be predicted based on mRNA levels. Maximum extractable Rubisco LSMT activity of roots, stems, and green leaves was 2, 15, and 36 pmole C H 3 per minute per mg protein, respectively. Finally, it should be noted that the exposure times of the rbcMT, rbcS, and rbcL northern analyses differ considerably and hence should be considered when comparing the absolute amounts of each transcript. The exposure time of rbcMT northern analyses were consistently 25 to 50 times longer than that of rbcL or rbcS suggesting that rbcMT transcripts do not accumulate to the level of the Rubisco subunits.
Examination of the accumulation of rbcMT mRNA during the greening of pea leaves is shown in Fig. 5 . A low level of rbcMT mRNA was detected in 8-day-old dark-grown pea leaves (lane 1). Upon illumination of etiolated peas, rbcMT transcript levels increased ca. 3-fold after 24 h of illumination and then declined slightly after an additional 48 h of development in the light (lanes 2 and 3). The maximum extractable activity of Fig. 4 . Organ-specific accumulation of rbcMT mRNA. Messenger-RNA was isolated from roots, stems, and leaves of 10-day-old chamber-grown pea. Northern blots were loaded on an equal RNA basis and were probed with radiolabeled antisense RNA to rbcS, rbcL or rbcMT. Northern blots of rbcS, rbcL and rbcMT mRNA were exposed to X-ray film for 2 h, 1 h, and 36 h, respectively. Rubisco LSMT enzyme increased during the greening of dark-grown peas from 11 pmole C H 3 per minute per mg protein in dark-grown leaves to an apparent maximum of 32.5 pmole C H 3 per minute per mg protein after 72 h illumination. This level of extractable Rubisco LSMT enzyme activity was similar to that observed (32.4 pmole CH3 per minute per mg protein) for peas grown for eight days under continuous illumination. Interestingly, the level of rbcMT m R N A in continuous illuminated leaves was significantly lower than the levels observed during the early stages of greening of pea (lanes 2 and 3 vs. 4). In fact, levels of rbcMT mRNA from continuous illuminated plants was not visibly different from dark-grown leaves. As expected, rbcS and rbcL transcript levels also increased upon illumination of darkgrown seedlings. In contrast to rbcMT, transcripts of rbcS and rbcL reached an apparent maximum during the latter stages of greening (lane 3). In addition, rbcS and rbcL transcript levels remained elevated in leaves grown under continuous illumination (lane 4). These results indicate that, unlike rbcS and rbcL, transcript levels for rbcMT reach an apparent maximum during the early stages of light-induced leaf development and decline in mature light-grown leaf tissue. These changes in transcript levels would be expected for an enzyme whose function involves post-translational protein processing.
D i s c u s s i o n
The present study detailed the purification of peptic fragments from pea Rubisco LSMT and a PCR-based cloning strategy for isolating a fulllength cDNA. A similar strategy was previously utilized to obtain a full-length cDNA of sucrosephosphate synthase from spinach [22] . The low abundance of Rubisco LSMT in pea leaves (ca. 0.01 To ) prompted the use of PCR, since it would be more difficult to obtain enough protein to ensure the production of an antibody with high titer and specificity with which to screen a library. Further, the protein sequence information obtained from peptic fragments permitted the c o nfirmation of clones encoding for Rubisco LSMT. Hence, a molecular probe of the pea rbcMT gene was rapidly obtained thereby permitting identification of protein and nucleotide sequence, and characterization of rbcMT gene expression.
To date, the deduced amino-acid sequence of Rubisco LSMT represents the first reported example of a protein N-methyltransferase. Thus, it is now possible to extend the comparison of known enzyme sequences to include this class of methyltransferases. Interestingly, the deduced amino acid sequence of Rubisco LSMT does not possess any of the three sequence motifs proposed by Kagan and Clarke [20] for methyltransferases. However, knowledge of methyltransferase sequences is still fragmentary and n o sequences are yet available for protein arginine, histidine, or N-terminal amino N-methyltransferases. As noted by Kagan and Clarke [20] , methyltransferases whose sequences are available are limited and a number of other methyltransferases apparently do not possess the proposed motifs or any additional elements of sequence similarity. Furthermore several lines of evidence suggest that Rubisco LSMT exclusively methylates the large subunit of Rubisco [17, 18] . This high level of specificity may in part explain the lack of overall homology with other methyltransferases. Hence, sequence determination of other yet-to-be-discovered protein(lys)N-methyltran sferases may be necessary to identify conserved, functionally essential regions in this class of enzyme.
Several lines of evidence indicate that there is a low copy number of the rbcMT gene in pea. Genomic Southern blot analysis revealed simple hybridization patterns. DNA sequence information of several cDNA clones revealed an invariant nucleotide sequence in the coding and noncoding regions. Although these observations do not preclude the existence of multiple structural genes encoding Rubisco LSMT, they are consistent with a low-or even single-copy gene hypothesis.
Many plant genes are expressed in a highly regulated manner. Gene products may be present only in certain cell types, at specific stages of development or only following the application of distinct environmental stimuli [25] . In addition, the expression of nuclear genes encoding plastid proteins is often coordinated with the expression of plastid-encoded protein subunits [35] . The present study reveals that rbcMT gene expression is regulated in an organ-specific manner at the level of transcription or mRNA stability. The organ-specific expression of rbcMT paralleled that of rbcS and rbcL being predominately localized to photosynthetic leaf tissue. Examination of transcript levels during the light-induced development of etiolated pea leaves indicated that accumulation of mRNA encoding for rbcS, rbcL, and rbcMT is light-dependent. However, the activation of rbcMT expression preceded the maximum accumulation of mRNA encoding for either of the Rubisco subunits. Maximum transcript levels for rbcMT were obtained in the first 24 h of illumination which corresponded with the initial, light-dependent phase of rbcS and rbcL transcript accumulation. Interestingly, the kinetics of Rubisco activase mRNA accumulation during the greening of etiolated barley was similar to that reported here for rbcMT mRNA [47] . We also observed that in continuously illuminated peas leaves, rbcMT transcript levels were equal to the levels observed in dark-grown leaves (Fig. 5) , while the activity of Rubisco LSMT was nearly 3-fold higher. Since the relative amounts of rbcMT transcripts increased dramatically during the initial phase of light-induced development of etiolated pea leaves, and then declined to a level equal to the those observed in the dark, changes in the level of Rubisco LSMT protein may be controlled by the level of rbcMT transcripts.
Finally, while a number of N-methylated lysyl residues in several proteins have been described, no unifying hypothesis with regards to the functional significance ofmethylated lysyl residues has been discovered. Molecular studies have approached this topic by engineering amino acid substitutions at the position of the methylated lysyl residues in calmodulin [36] and cytochrome c [3, 4] , followed by expression of these mutant proteins in transformed tobacco plants and yeast cells, respectively. While the mutated calmodulin and cytochrome c proteins were incapable of acting as substrates for methylation, these studies were inconclusive as to a clear role for site-specific methylation of the target lysyl residues by the calmodulin or cytochrome c protein specific N-methyltransferases. With the cloning of the Rubisco LSMT gene from pea, more elegant and direct in vitro and in vivo analyses of the functional significance of methylation of Lys-14 in the LS of Rubisco can be conducted. Studies utilizing transgenic plants are presently underway to address the biochemical and physiological consequences of perturbing the methylation state of Rubisco without changing the amino acid sequence of the LS. Additionally, as protein and DNA sequences become available for other protein methylase III enzymes, the possibility that each of the protein N-methyltransferases coevolved with their respective protein substrates [16] , thus explaining their exceptionally high degree of protein substrate specificity, can be addressed.
